METHOD AND SYSTEM FOR 
MULTI-SENSOR SIGNAL DETECTION 



TECHNIC AL FIFT H OF THE INTVFNTlftN 

The present invention relates generally to imaging systems, and* more particularly 
to a method and system for multi-sensor signal detection. 

BACKGROUND OF THF INVENTION 

Imaging systems, such as digital cameras, satellites, and image scanners, operate 
by converting electromagnetic energy from a source image to an electronic, i.e., digital, 
representation, of an image. The source image could be an actual view, such as a 
landscape, satellite image, and the like, or embodied in a physical form, such as a 
photograph, film, picture, document, and the like. In many applications, the 
electromagnetic energy used to convert the image into a digitized image is visible light, 
however, infrared, microwave, and other suitable types of electromagnetic energy are also 
be used to create the digitized image. 

Imaging systems generally include a number of optic sensors. The sensors 
measure the intensity of electromagnetic energy within a specific bandwidth of the 
electromagnetic spectrum. Each sensor gcucially comprises a color filter and a 
photodetector, such as a charge-coupled device, phototransitor, photoresistor, and the 
like. The photodetector produces an electrical signal that is proportional to the intensity 
of electromagnetic energy sinking the photodetector. The color filter blocks all 
wavelengths of light in the visible electromagnetic spectrum except a specific bandwidth. 
For example, in a red sensor a red filter blocks all other wavelengths of light in the visible 
specuurn except for the wavelengths oriight associated with the color red. Accordingly, 
only the red bandwidth of light from the source image is measured by the red sensor. 

The sensors are generally geometrically positioned in arrays such that the 
electromagnetic energy striking each sensor corresponds to a distinct location in the 
source image. Accordingly, each distinct location of the source image corresponds to a 
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distinct location, or pixel, in the digitized image. In color applications, the electronic 
imager comprises an array of color optic sensors relating to one of the three primary 
colors « red, green, and blue. The intensity of red, green, and blue electromagnetic 
energy associated with each diseicic location of the source image is measured and 
recorded. 

In electronic scanner applications, the scanner records the color intensity for each 
color optic sensor in a sequence ot scan positions until the entire image is scanned. The 
spacing between scan positions is referred to as the scan line pitch. The sr*n line pitch is 
generally the same as the' pixel pitch, i.e., width of the line of detectors, but may vary 
depending on the desired image resolution. The color data relating to each pixel is then 
correlated to produce the digitized image. 

The digitized image often includes imperfections that are not present in the source 
image. One cause of such defects is the optical components of the imaging system. For 
example, in the case of a electronic imagers, rhs scanning surface or "platen" in the 
electronic imager may contain scratches and other optical path obstructions. Dust, 
fingerprints, and other such debris also causes optical path obstructions. These optical 
path obstructions arc digitized along with the real image and appear as imperfections in 
the digitized image. 

Another cause of imperfections is defects within the physical medium of the 
source image. For example, a photograph, film, or other physical medium having an 
image thereon may be scratched, distressed, or deformed despite careful handling. In 
addition, imperfections may arise from foreign matter, such as a hair, dust, and the like 
being deposited on the physical medium while the image is digitized. Thus, even though 
an image is replicated exactly as contained in the physical medium, imperfections may 
still be present in the digitized image. 

On*» method of removing imperfections from transparent physical mediums, such 
as film, is to transmit infrared ((R) light through the transparent medium to produce a 
defect image. Conventional electronic imagers use the red filtered photodetector or a 
dedicated infrared photodetector for detecting and measuring the inflated lighl. As a 
result, conventional electronic imagers require two complete scans of the source image. 
The first scan uses conventional light to create a color digitized image. The second scan 
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uses infrared light to create a digitized defect image that is used to correct the defects in 
the digitized image. A disadvantage of conventional methods is that the infrared *» n 
takes the same length of time to complete as the color scan. Accordingly, this method for 
defect conation doubles the duration ofthe scanning process. 

SUMMARY O F THE fr>TVFf MTrn^ 

Accordingly, a need has arisen for an improved imaging system. The present 
invention provides a method and system for multi-sensor signal detection that 
substantially reduces or eliminates problems associated with prior systems and methods. 

In accordance with one embodiment ofthe present invention, an improved 
imaging system for digitizing an object is provided. [ n this embodiment, the imaging 
system comprises an optical sensor array, a visible light source, and an infrared light" 
source. The optical sensor array includes at least multiple sets of color sensors that detect 
different colors of visible light. In addition, at least two sets of coloi * cmor5 operate to 
measure the intensity of in frared light. 

The present invention can be implemented with many di fferent methods for 
« employing the three color channels in a trt linear imager to collect the [R defect data. One 
such method collects [R information from each color channel at every third scan position 
ofthe image. This method also enables defect data to be collected at every.scan line, In 
this manner'thc IR information gathering time is three times faster lhari in a sysrem using 
only one color channel for gathering IR information. One-pass and two-pass scanning " 
methods can be used in this embodiment of the present invention. 

la another embodiment of the present invention, jl method for simultaneously 
collecting [R information from each scan line using each color channel (red-green-blue) 
is disclosed. Because this embodiment collects IR information from all three color 
channels for each scan line, three times moie defect information about the image is 
captured as opposed to using only one color channel. The additional information can be 
used to increase the clarity of the captured image because it improves the signal/noise 
ratio. 

Other technical advantages will be readily apparent to one skilled in the art from 
the following figures, descriptions, and claims. 
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BRIEF PF.S CIR1PTTON OP THR PR a wmr.c 

For a more complete understanding of the present invention and the advantages 
thereof; reference is now made to the following description taken in conjunction with the 
accompanying drawings, wherein like referenced numeral, rcpte^u like parts, in which: 

FIGURE I is a perspective drawing illustrating a computer imaging system in 
accordance with the present invention; 

FIGURE 2 ii a perspective drawing illustrating an imaging system in accordance 
with the present invention; 

FIGURE 3 is a block diagram of a scanner using a trilinear imager for scanning 
images and capturing defects according to the present invenUon; 

FTGURE 4 is a diagram illustrating how a trilinear imager uses a scan pattern with 
red, green, and blue channels in a series of scan positions to capture information for all 
three colors for each scan tine iu an image according to the present invention; 

FIGURE 5 is a graph showing the spectral response of each filter in a trilinear 
1 5 imager according to the present invention; 

FIGURE 6 is a diagram illustrating how a trilinear imager uses three different 
scan positions to capture the three colors for one scan line according to the present 
invention; 

FIGURE 7 is a tabic illustrating scan positions that record [R information for 
different color channels for each scan line according to the present invention; and 

FIGURE 8 is a flow chart for a two-pass system according to an embodiment of 
the present invention. 
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PETAtt,F,D DESCRfPTrr^ of thf nw EN H TT 

FIGURES" 1 through 8 illustrate an imaging system according to the present 
invention. As described in greater detail below, the imaging system allows an infrared 
defect scan to be performed at a faster rate than conventional systems. In particular, the 
present invention utilizes all of the color sensors in a tri-linear sensor system to obtain the 
infrared defect information. 

FIGURE- 1 illustrates computer imaging system 10 in accordance with one 
embodiment of the present invention. The computer imaging system 10 comprises an 



Method and System for 
Muki-ScnsorSigrtal Detection 



Page 4 of 19 



ASF93096 
Attorney Docket No.: 06&10 



electronic scanner 12, a computer system 14, and optional output device 16. Although 
the computer imaging system 10 is illustrated with separate and distinct components, it 
will be understood that the computer imaging system 10 can be integrated into a single 
system, such as a kiosk imaging center. 

As described in greater detail below, the computer imaging sys t«n 10 operates to 
digitize a source image 18 to produce a digital image 20 that electronically represents the 
source image 18. The source image 18 may be a scene image, photograph, document, or 
any other suitable object that reflects or attenuate electromagnetic energy, i.e., light. The 
digital image 20 is output from the electronic scanner 12 to the computer system 14. The 
digital image 20 is generally in the form of an electronic data stream or an electronic file 
having four numeric values that correspond to each pixel in the digital image 20. The 
four numeric values describe the measured intensity of the red, green, blue, and infrared 
light for each discrete location of the source image 18. The infrared value allows defects 
to be corrected as shown in the United States Patent Application No. 08/999,421, entitled 
Defect Channel Nulling, having a priority date of January 6, 1997; and United States 
Patent Application No. £ T 4£&£&,fatfitled Method and Apparatus for Differential- 
Tttuminatinn Image Capturing and Defect Handling, filed October 8, 1999, each of which 
is hereby incorporated by reference. 

The computer system 14 may be any suitable computer, such as a personal 
computer using a Pentium microprocessor; a workstation; server; mainframe embedded 
system; discrete logic, and the like. The computer system 14 generally includes memory 
and a graphical user interface that allows the digital image to be viewed, saved, edited, 
electronically mailed, combined with other digital images, or any other suitable use 
. accordi ^to.^ e . nec ds of a user,. An optional output device 16 may be coupled to-the 
computer system 14. A typical output device 16 is a printer that allows a digital print 
image 22 to be produced. 

FIGURE 2 A is a perspective drawing of the electronic scanner 12 shown in 
FIGURE 1. The electronic scanner 12 is illustrated as an transmissivc electrode scanner, 
such as a film, slide, oi negative scanner. It will be understood, that the electronic 
scanner 1 2 may comprise any suitable color imaging device operable to digitize the 
source image 12. For example, the electronic scanner 12 may comprise a reflective 
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electronic scanner, such as a flHifced scanner, a drum type scanner; a copy machine; and u 

facsimile. 

In the embodiment illustrated, the electronic scanner 12 comprises an optical 
imager 26, a transport system 28, and a processor 30. As described in greater detail 
below, the optical imager 26 operates to illuminate the source image 18 with visible and 
infrared light and measure the intensity of visible colors and infrared for each discrete 
location of the source image 1 8. 

The transport system 28 operates to move the source image 1ft relative to the 
optical imager 26. Various embodiment of the transport system 28 may be implemented. 
Foi example. In one embodiment, the optical imager 26 is stationary and the source 
image 18 moves, or scans, across the optical imager 26. In another embodiment, the 
source image 18 is stationary and the optical imager 26 scans across the source image !8. 
Tu ycl another embodiment, the source image 18 is stationary and the optical imager 26 is 
rastercd across the source image 1 8. 

The processor 30 receives electronic data signals from the optical imager 26 that 
are used to construct the digital image 20. The processor 30 generally includes an 
analog-to-digital (A/D) converter as well as a signal pressor and/or preprocessor. The 
A/D converter converts the electronic data signal to digital signals that can be easily 
processed by the signal processor prior to being output as the digital image 20 to the 
" computer system 14. In many applications, the digital image 20 is actually constructed 
within the computer system 14. In these applications, the digital image 20 output to the 
computer system 14 is an electronic data stream that is used by the computer system 14 to 
construct the complete digital ima S e 7.0 

Referring to FIGURE 2A, the optical imager 26 includes a visible light source 32, 
an infrared light source 34, optics 36a and 36b, and a sensor system 38. The visible light' 
source 32 produces visible light 40, i.e.-, white light, having a broad electromagnetic 
frequency band. In many applications, the visible light source 32 comprises a flourescent 
light that varies between low intensity and high intensity. The flourescent light source 32 
is generally nor turned off as the bulb takes time to warm-up to operating temperatures. 
The visible light source 32 may also comprise other suitable types of white light sources, 
such as halogen, LED's. incandescent, direct gas discharge lamps (xenon). 
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Ue,n^l i ght S ource34op< TO tc S a pro ducein ft ^ii gh t42. Theinfrared 
Ught source 34 is generally a white light source with a infrared. filter that is transmit 
to infrared hght. [a some applications the infrared light source 34 .will incorporate a 
-feared fdtcr with ft. same Ught bulb as the vtsible light source 32. The infrared light 
source 34 may also comprise other suitable types of lighr sources, such as „ LED, or 
direct gas discharge lamp. 

The visible and infrared light. 40 and 42 respectively, are focused with optics 23a 
onto the source image 18. The optics 28a may inch.de mirrored surges and various 
lenses for directing the light onto the source image 18. Di the case of a transmit 
extreme scanner 12, the light passes through the source lm age 1 8 and is attenuated by 
the colors and defects in the source im^ . 8 . The , ig ht r rom the aourcc ^ 18 „ then 
collected and focused by optics 28b onto the sensor system 38. The optics 28b generally 
include precision tbcusing lenses for maintaining the spacial orientation of the Ught from 
the source muge 18. Spacial orientation allo w S the sensor system 38 to detect the light 
from discrete locations of the source image 18. 

The sensor system 38 generally comprises a trilinear array of sensors 44 As 
described in greater detail below, rh* sensor system 38 metres the intensity oflight 
associatedwitheachcoloroflightfromthesourceimage 18. As a simple example 
assume the color slide of a red kite in a blue. sky. The red kite portion of the co!or slide 
will allow red light to pas* through the slid., but will block substantially „, 0 f the blue 
and green light. The intensity of .the red light is measured by the sensor system 38 
Accordmgty, the sensor system 38 will measure a high red intensity but a low green and 
blue mtensity. Similarly, the blue sky portion of the color slide will allow a substantia, 
potto, of the b.ue light and a smaU portion of the green light to pass through the slide 
but wtl. block substantially al, of the green and red light. Accordingly, the sensor system 
38 wtll measure a high blue intensity, a rc.at.vcly low gIcclI irUen sity, and a low red 
■"tensity. The red, green, and blue intensities vary depending upon the color of that 
portion of the source image 18. 

FIGURE 2B is a perspective cutaway view of the trilinear sensor system 38 of 
FIGURE 2A. The sensor system 38 comprises a number of sensors 44 arranged in a set 
of three lines 46a/b/c with a glass cover 47 covering the sensors 44. The horizontal 
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*«*W between conserve lines 46 is Icnown as a pfa»l pitch 48. A pb»l boa, w 
a poafon u » the inflation gathered « fc, posifo,, ^ (he ^ ^ ^ ^ 
spa=,ngbetwee« saK or line, is known as a s™„ r Iine pitch 50 ^ j, %ically „ in(coer 
mutop.eofthe ^ li n.4 S U MS oc i a 1 cd„ ithaste c Itaga<llffire „ tcoi ; r 

SUCK * «d, green and Hue. One exampie of a triiinear imager lhat is cmeMy 
istheSooyrLX724K. . 

Each sensor 44 generally comprises a color filter 52 and a photodetector 54 The 
color filler 52 is tussive to a certain color of visible li«ht and also infrared K.ht Foe 
example, the blue line 46a has a blue color filter 52 that aHows blue m tQ pass through 
the color filter 52. The photodetecror 54 measures the intensity of blue light striking the 
Photodetector 54. The photodetector 54 is generally a charge coupled device (CCD) 
However, other types of photodetector, 54 may be used, such a, photoresists 
photot ran5ist0r5 , and the lib, ^ coIor fiUer 52 ja ^ ^ ^ 

Accordingly, the infrared light 42 transmitted through the source im3ge 18 is measured 
by each o f the sensors 44. 

Fig-nc 3 is a functional block digram of on embodiment of the present invention 
for capturing defect data. Figure 3 Ulustrates a film scanner 400 rh.t u Ses , triiinear 
•mager 422 to capture the defect data from a transmissive medium, such as film 402 
containing an Image thereon. 

Scanner 400 includes coupled elements including a first light source (LS 1 ) 404 
that produces viable light, and , second light source (LS2) 406 that produces [R light 
Scanner 400 also includes electronic switches 408 and 410, a power supply 412 a 
transport mechanism 414. a controller 416. a sensor unit 4 l8 , and an aruuog to digital 
(A/D) converter 424. Sensor unit 418 further includes lens 420 and the triiinear imager 
charge-coupled device (CCD) 422. Within sensor unit 418, lens 420 focuses light 
transmmed through film 402 such that the truing imager 422 can detect and capture 
image data. 

Images and defects are captured when light generated by first and second light 
sources 404 and 406 is transmits thresh film 402 to the sensor unit 418. Sensor mis 
4 1 8 outputs the captured image and defect information to an A/D converter 424, which 
converts to digital image and defect data. The digital data is then transferred through 
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interface 328 to be processed by a computer 326. 

Firs, ,„d second light sources 404 and 406 are preferably arranged for separate 
operation such ^ durfas scaintog) |ight fiom ^ ^ 

image (including defects), while ,Kc light fiom the second light source 4 P S Is US ed ,„ 
capture the defects on the image. In other words, when light from first (visibie) light 
source 404 iHumina.es fllm 402, the light transmitted through film 402 and received by 
sensor „„„ 4 18 „i„ im , sc ^ ^ 

may be preKnt on ^ ^ ^ ^ ^ ^ ^ ^ 

40o rflununat* fi Im 402, the Ught transmitted through fdm 402 and received by sensor 
unit 418 w,U contain information of defects on film 402. 

The first Ught source 404 generates light when power is applied from the power 
supply 412 via a first electronic switch 408. The second light source 406 generates Ught 
when power i 5 appUcd from u« power suppty 412 via a second electronic switch 410 
Electronic switches 408 and 410, which may include transistors and/or relays are 
regulated by the controller 416 via control lines 436 and 438. 

In addition to conuolling electronic switches 408 and 410, controller 416 is also 
coupled to transport mechanism 414 via control lines 430 and 432. This allows stroller 
416 to send signais to transport mechanism 414 to controt the positioning of system 400 
component, during separate operations tor capturing image and/or defect information - 
Controller 416 is further coupled to sensor unit 418 via control line 434. Controller 416 
can compnse, for example, a programmable microcontroller such as an MC68HC05 
made by Motorola. 

Transport mechanism 414 preferably responds to commands from controUcc 4 16 
by ahgntng system 400 components for separate operations for capturing image and/or 
d ' foct " ifo ™*n. More spcctically, a first alignment will preferably provide for 
conventual image capturing, and a second alignment will preferably provide for 
capturing defects, as will be discussed in more detail hereinafter. 

Operational controller 416 provides control signals for two separate scan 
cycles. During an "image scan" cycle, image data (including any defect,) i 5 captured, 
and during a separate "defect scan" cycle, defect data is captured. During a oncpass 
scan, for example, controller 416 preferably sends first alignment control signals 430 to 
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««-^4l4*.l p ^ -4wll , caI1 ^^ I ^ 

Duttng a tv^as, scan, ^r „„ it 4I8 „ moved .„ rcsporee (o ^ Mniroi 

.« . ft. a,,^ ^..^ Tten> d0Iing t ^ ^ seKor 

^response * second cootro , ^ 432 (a rev _ _ cycfeoKfer ^ ^ ^ - 
Although a one-pass ,, „ for cxpedjency multji)lc ^ ^ ^ • 

[ "^°"'<>»^U i „g 1 he aligra „e„ t ofthc Syst e m 400 C c m p ora: „ ls , thc 
controller 416 can also be used for controlling other components of the present invention 

l^vl ; — » » h « ' W * supplied, . sensor is 

~, and sensed llght fe „ ^ , ^ ^ ^ 

controllers. CPU's, digital signal proper. rDSP .,, and/or data proclng 
components can ato be used in accordance with the present invention 

rt " 1,l ^P«»'''«"os«sld,led i „, ( ,e a rttha,od 1 erernbodin l .„Uo f U ) eprcse„, 
-e„ n o„a re a b „ pTOi b,. P or«a m p,^„ mp ^ 42 , coul ^ replacedwi ; 

dedtcated hardware, and a wide variety of different light source could be used for the ft. 

light source 404, 

page Sto' 8 **" ' l ' USta '" h °" * W ""°" ""^ 42 2 in Figure 3 scans an image 506 on a 
page 5,0. When the vts.b.0 light source (LSI) 404 pulses, the tri.inear imager 422 
Sathers tnfcrmation in a scan pattern 502 simultaneously capturing information for three 
separate scan ,„ »„ oss ^ ^ ^ ^ ^ ^ ^ 

04 . the vts,b,e Ugh. source pulses until each scan line of the image has been scanned 
- fnr.aU,hre. „lor,. Tto m^XI-^S^i^-,,,^^^- 

U» 1 ^«*e firs, hneofpl^coversa., decolor channels. ThereaKe, each 
subseauent line, suc h as scan ,i, K 2 and scan line 3, are loaded into the scaruter. In ,„c 
examp.e provided above, i, is assumed tha, the line spacing between each coior «*«»., 
of the scan pattern 502 is 4 lines. ,n omer words, when the red channel is positioned on 
ime I, the correspond sre e„ and Mus c „ amc|s m ^ ^ s ^ ^ 
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respectively. 

Figure 5 is a graph showing the spectral response of each filter in a triUnear 
imager according to the present invention. As shown, the spectral response (y-axis) of 
each filter in the triUnear imager reaches a peak at a wavelength (^axis) chat Is associated 
w,th a particular color. Each filter is also capable of blocking out wavelengths associated 
with certain colors, m addition, each filter used in the present invention is capable of 
-spondmg to wavelengths associated with 1R tight Therefore, the present invention can 
use multiple color-filter channels to capture defect information in response to IR light. 

Figure 6 illustrates how the trilinear imager 422 in Figure 3 uses three different 
scan position to capture information of all three colors for one scan line 7 10, i e scan " 
line I , of an image 706 on a page 708, according to the preferred method of the pr^nt 
.nvention. For scan line 710, the information from blue channel is captured during the 
first scan position (position I), (he information from the green channel is captured^uring 
the fifth scan position (position 5), and the information from the red channel is captured 
during the ninth scan position (position 9). Thus, information for all three color channels 
are captured at different scan positions. 

In, the first embodiment of the present invention, a method for collecting IR. 
information through at least one color channel for each scan line is disclosed. In this 
embodiment, defect data can be collected at every third.scan position to capture 
information about every scan line. Using this method, the IR gathering time is at least 
three times faster than using a conventional scanner having only one color channel for 
detecting IR information. Preferably, the present method can be implemented with a 
scanner having components (hardware and settings) such that the sensor line pitch i a not a 
factor of three times the scan line pitch. 

~ ^ first embodiment of the present invention can be implemented with either a 
one-pass system or a two-pass system. In the one-pas., system, the visible light oourcc 
pulses during the first scan position, and the trilinear imager simultaneously captures 
rhree separate scan Unes of image information across the image's page, one line for the 
red, green, and blue channels. Then, before moving the scanner to the second scan 
position,, the IR light source pulses through all three color channels, thus allowing the 
trilinear imager to capture three separate scan lines of defect information across the page. 

Method and System for 

MuLti- Sensor Signal Detection p am . 1 1 n f 10 . ASF9S09G 

age 1 1 of 19 Attorney Docket No.: 06S 10 



When the scanner is in the second scan position, only the visible light is allowed to pulse, 
and the triltuear imager captures only the image information for three separate scan lij 
At the thtrd scan, again only the visible light is allowed to pulse and only image 
information is captured. The fourth scan position is similar to the first scan portion 
where the visible light and IR light sources are pulsed in the order set forth abov* and 
both image and defect information is captured. At the fifth and sixth scan positions, only 
image information is captured. At the seventh position, both image and defect 
information is captured. The process continues, puking the visible li 2 ht for each 6can 
position and further pulsing the IR light every third scan position, until alt scan positions 
for the image have been captured. 

Figure 7 is a table illustrating scan positions that record IR information for 
different color channels for each scan line in accordance with the present invention. By 
using all three color channels to capture IR information, the scanner only needs to pulse 
the IR light at every third scan position, for example at scan positions 1,4, 7, 10, 13, 16, 
and so on, to capture every scan line in an image. For example, for the first scan' line, the 
• tnh„ V ar imager records the IR information through the blue channel at the first scan 
position. For the second scan line, it records the IR information through the ved chatutel 
at the tenth scan position. For the third line, it records the IR information through the 
green channel at the seventh scan position, and so on. At each of these scan positions (I, 
4, 7, 10, 13, 16, etc), the trilincar imager simultaneously records the [R information 
through all three color channels. At the tenth scan position, for example, it records 
through the red channel for scan line 2, through the green channel for line 6, and through 
the blue channel fot line i0. 

Next, in a two-pass system of the first embodiment of the present invention, a 
visible light source is used to record color information for all the scan lines of the image 
during the first pass. Then an IR light source is used to capture defects during a second 
pass of the image while scanning the image either forward or backward. In the second 
pass, the system moves directly to every third scan position in the series and captures 
defect data, until all the S r. an lines for the image arc covered. For cample, the system 
moves to the first scan position, the fourth, the seventh, and so on. As in the one-pass 
system of the first embodiment, the trilinear imager records the IR information through 
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all three color channels simultaneously to eventually gather correct information from 
every scan Une in the image. But, unlike the one-pass system where the IR information is 
gathered when the IR light source pulses every third scan position during the first pass 
the two-pass system captures the IR information every third scan position only during the 
second pass. 

la more detail, Figure 8 illustrates a flow chart of a two-pass system in accordance 
w.th the first embodiment of the present invention. The scanner pulses a visible light for 
the first scan position in S900, and the trilinear imager records image information Theu 
the scanner moves to the second scan position in S902, and so on until it captures the 
color for the entire image. On the second pass, scanning forward, the scanner pulses an 
IR light for the first scan position in S91 4. and the trilinear im ager record* defect 
information through all three color channels. Then the scanner moves to the fourth scan 
position in Sy 16, and the trilinear imager records defect data. This process continues at 
every third position, at the 7*. 10*. IV\ l6*,andsoon. Alternately, the second pass 
could scan backward at every third scan position. 

An alternate method of the first embodiment is to use each color channel 
simultaneously to record IR information at every scan position, but reducing the 
gathering time by one third at each scan position. Thus, the gathering time is three times 
taster than if the scanning was performed at every scan position using the full gathering 
time, Since this alternative mftthod employs three channel, to simultaneously gather t R 
information, it gathers the same amount of defect information as the system using the full 
gathering time. After the IR information has been recorded from all three channels, this 
method systematically adds together the horded value, to accurately reflccc and Identify 
defects. 

Another method of the first embodiment, also not restricted by the sensor line 
pitch, is to alternatively turn on the visible light and the IR liglu at every nth scan line, 
where n is the number of scan lines that fit into one sensor line pitch. For the next 2n' 
scan lines, the scanner only turns on the visible light, and this pattern is repeated for the 
render of the page. For example, if the F Ucl piLch is 800 dpi (1/800 inch) and the 
sensor line pitch is 8 pixels (8/800 inch) and the scanner is scanning at 400 dpi (1/400 
inch), then n is equal to 4 (8/800 divided by 1/400). fn this example, the scanner would 
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: ^raate tammg on the visible^ Forthc 
next 8 scan lines, the scanner would turn on only the visible light. For the next 4 scan 
lines thereafter, the visible and IR lights would alternate. For the next 8 scan lines the 

scanner would again turn on only the visible light. The same process would continue 
until the end of the page. 

A second embodiment of the present invention uses each RGB color channel 
simultaneously in a muUilinear-imagcr to collect IR information from every scan Unc 
Since this embodiment collects IR information from all three channels for evory scan line 
three times a, much defect information i s captured. The additional information available ' 
from these three sample, can be used to increase the clarity of the captured defect image 
since it improves the signal/noise ratio. 

In a one-pass system in accordance with the second embodiment, the scanner 
pulse, a visible light sou^e for the first scan position, and the trilinear imager captures 
image information. Then the scanner pulses an IR light source in rhe fi^t scan portion 
and the trilinear imager captures defect information. The scanner then moves on to the ' 
second scan position and again pulses the visible light source to capture image 
information and then pulses IR light source to capture defect information. This process 
continues until all scan positions for the image have been recorded. 

hi a two-pass system in accordance with the second embodiment, the scanner 
pulses a visible light source to record image information at e*ch scan position until the 
entire image is covered. Then the scanner makes a second pass over the image, scanning 
cither forward or backward, and pulses the IR light at each scan position to record defe ct 
information. 

Once the present invention has captured defect information, users can employ a 
wide variety of methods to 
those skilled in the art 

Although the present invention has been described in several embodiments, 
various changes and modifications may be suggested to one skilled in the art. ft is' 
intended that the present invention encompass such changes and modifications that fall 
within the scope of the appended claims. 
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